A non-motile and yellow-pigmented bacterium, designated strain WW3
The genus Altererythrobacter was proposed by Kwon et al. (2007) and belongs to the family Erythrobacteraceae (Lee et al., 2005) . At the time of writing, this genus comprises 18 species. Most members of this genus were isolated from marine environments (Fan et al., 2011; Kwon et al., 2007; Lai et al., 2009; Nedashkovskaya et al., 2013; Park et al., 2011; Seo & Lee, 2010; Yoon et al., 2005) , but a small number were isolated from terrestrial environments such as wild rice (Ramesh Kumar et al., 2008) and desert sand (Xue et al., 2012) . Species of the genus Altererythrobacter are Gram-reaction-negative, aerobic, chemoorganotrophic, non-motile, yellow-pigmented and absent of bacteriochlorophyll a (Kwon et al., 2007; Park et al., 2011) . In the course of our study on the microbial diversity of Woopo wetland, a bacterial strain, designated WW3
T , was isolated and was the subject of a taxonomic investigation.
Strain WW3
T was isolated from a freshwater sample collected from the wetland of Woopo (35 33¢ N 128 25¢ E) located in the Republic of Korea, using the standard dilution plating technique. Isolation was achieved using R2A agar (Becton Dickinson) at 25 C for 7 days. The isolate was routinely cultured on R2A agar and preserved at -80 C as a suspension in distilled water containing 20 % glycerol (w/ v). Reference strains Altererythrobacter dongtanensis KCTC 22672 T , Altererythrobacter troitsensis KCTC 12303 T and Altererythrobacter xinjiangensis KCTC 42431 T were obtained from the Korean Collection for Type Cultures.
Bacterial DNA preparation, and PCR amplification and sequencing of the 16S rRNA gene were carried out as described previously (Chun & Goodfellow, 1995) . Identification of phylogenetic neighbours and calculation of pairwise 16S rRNA gene sequence similarities were achieved using both the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) and the BLAST search program at the NCBI website (http://blast.ncbi.nlm.nih.gov/Blast. cgi). The novel sequence and related sequences were aligned by using CLUSTAL W (Thompson et al., 1994) , and the alignment was refined using BioEdit version 7.2.0 (Hall, 1999) . Phylogenetic analysis was performed by using the MEGA 6.06 software package (Tamura et al., 2013) . Phylogenetic trees were inferred using the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1993) maximum-parsimony (Fitch, 1971) algorithms. The distance matrix of the neighbour-joining method was generated according to the model of Jukes & Cantor (1969) . The robustness of the topology in the neighbour-joining phylogenetic tree was evaluated by bootstrap analyses (Felsenstein, 1985) based on 1000 resamplings.
The 16S rRNA gene sequence of strain WW3 T was continuous stretches of 1424 nt. The closest relatives of strain WW3
T were Altererythrobacter dongtanensis JM27 T (97.1 % 16S rRNA gene sequence similarity), A. troitsensis KMM 6042 T (97.1 %) and A. xinjiangensis S3-63 T (97.0 %) followed by other members of the genus Altererythrobacter (94.2-96.5 %). The maximumlikelihood tree (Fig. 1) showed that strain WW3
T grouped distantly with A. dongtanensis JM27 T and A. troitsensis KMM 6042
T and formed a distinct phyletic line with 67 % bootstrap support. The trees based on the neighbour-joining method showed essentially similar topology (Fig. S1 , available in the online Supplementary Material). Thus, strain WW3
T was recognized as representing a novel species of the genus Altererythrobacter.
DNA-DNA hybridization was performed by the membrane filter technique using the DIG High Prime DNA Labelling and Detection Starter kit II (Roche Molecular Biochemicals) according to the method described in detail by Lee et al. (2003) . DNA-DNA relatedness between strain WW3 T and the reference strains was low (30-41 % , Fig. S2 ). The values are below the threshold (70 %) for determining bacterial species (Wayne et al., 1987) ; the finding confirmed that strain WW3 T belongs to a separate novel species of the genus Altererythrobacter.
Growth on various standard bacteriological media was tested by using nutrient agar (NA), R2A agar, plate-count agar (PCA), tryptic soy agar (TSA) and marine agar (MA) (all Becton Dickinson) according to the manufacturer's instructions. Cells of strain WW3
T grown on R2A agar at 25 C for 2-3 days were used for the physiological and biochemical tests. The Gram reaction test of cells grown on R2A agar at 25 C for 2-14 days was performed by using the bioM erieux Gram stain kit according to the manufacturer's instructions and the Ryu non-staining KOH method (Powers, 1995) . Motility was examined by observing the cells grown in wet mounts using phase-contrast microscopy (TMS-F; Nikon). Morphology of the cells grown at 25 C for 3 days on/in R2A agar or broth was observed with a phase-contrast microscope (ICC50, Leika) and a scanning electron microscope (S-4800; Hitachi). For scanning electron microscopy (SEM), a subsample was soaked in 0.1 M sodium phosphate buffer (pH 7.4) for several hours, fixed in 0.5 % glutaraldehyde and 0.5 % paraformaldehyde in 0.1 M sodium phosphate buffer (pH 7.4) and dehydrated through an ethanol-isoamyl series. The sample was subsequently critical-point dried in a SPI dry apparatus (JSM 5310; SPI supplies) and Osmium Coater (Hollow Cathode Plasma CVD; Vacuum Device). Growth in the presence of various NaCl concentrations (0-5 %, w/v, using increments of 1.0 %) was investigated in R2A broth prepared according to the formula of R2A agar medium except that no NaCl was used. The pH range for growth was determined in R2A broth adjusted to pH 4-11 (using increments of 1 pH unit) by using 100 mM acetate buffer (pH 4-5), 100 mM NaH 2 PO 4 /Na 2 HPO 4 buffer (pH 6-8) and 100 mM NaHCO 3 / Na 2 CO 3 buffer (pH 9-11). The optimal temperature and temperature range for growth was tested on R2A agar at 4, 10, 15, 20, 25, 30, 32, 37, 40, 45 and 50 C. Anaerobic growth was tested on R2A agar in a jar containing the AnaeroPack-Anaero (Mitsubishi Gas Chemical) using potassium nitrate as a potential electron acceptor, which works as oxygen absorber and CO 2 generator, for up to 10 days. Catalase and oxidase activities were determined using 3 % (v/v) hydrogen peroxide and Kovacs' reagent (Kovacs, 1956) , respectively. Acid production from sugars was tested as described by Yamaguchi & Yokoe (2000) . Citrate utilization was tested on Simmons' citrate agar (Sigma) according to Gallego et al. (2006) . Indole production was determined with Kovacs' indole reagent on SIM agar (Becton Dickinson) according to Gallego et al. (2006) . H 2 S production was determined on Kligler iron agar (Becton Dickinson) according to Smibert & Krieg (1994) . Hydrolysis of carboxymethyl-cellulose (CMC; 1 %, w/v), casein (2 % skimmed milk, w/v), chitin (1 % colloidal chitin, w/v), starch (0.2 %, w/v), Tween 20 (1 %, v/v), Tween 80 (1 %, v/v) and urea (2 %, w/v), and arginine dihydrolase activity was tested as described by Tindall et al. (2007) using R2A agar as the basal medium. Hydrolysis of xylan (1 %, w/v) was tested using R2A agar as the basal medium (Barrow & Feltham, 1993) . DNase activity was determined with DNase test agar (Becton Dickinson). The presence of flexirubin-type pigments was tested using the KOH test as described by Bernardet et al. (2002) . Cell extracts for carotenoid analysis were prepared with methanol (Rainey, 2003) and the absorption spectrum (200-800 nm) was recorded using a UV-visible spectrophotometer (Ultrospec 2100pro; Biochrom). Other physiological and biochemical tests were performed using API 20NE kits (bioM erieux). Enzyme activities were tested using an API ZYM kit (bioM erieux) following the manufacturer's instructions. Antibiotic resistance was determined with the disc diffusion method using commercial antibiotic-impregnated discs (Becton Dickinson); after incubation for 5 days at 25 C on R2A agar, the results were interpreted according to the guidelines set forth by the CLSI (2009).
The isolate formed circular, convex, entire margin, smooth and yellow colonies, which were approximately 1.0-2.0 mm in diameter after 3 days at 25 C (pH 7). Cells are Gram-stain-negative, aerobic, non-motile, ovoid-rod and approximately 0.42-0.58 µm in diameter and 0.58-0.63 µm in length (Fig. S3) . Strain WW3
T was sensitive to following antibiotics (µg per disc, unless otherwise indicated): ampicillin (10), amikacin (30), chloramphenicol (30), gentamicin (10), kanamycin (30), penicillin (10 IU), tetracycline (30) and vancomycin (30), but resistant to erythromycin (15), nalidixic acid (30), polymyxin B (300 IU) and streptomycin (10). Physiological, morphological and biochemical characteristics are described in Table 1 and the species description. A number of phenotypic characteristics such as acid production from lactose, inability to hydrolyse aesculin and absence of valine arylamidase activity clearly distinguish strain WW3
T from related species of the genus Altererythrobacter.
Erythrobacter aquimaris SW-110 T (AY461441)
Erythrobacter longus DSM 6997 T (JMIW01000006)
Erythrobacter nanhaisediminis T30 T (FJ654473)
Erythrobacter vulgaris 022-2-10 T (AY706935)
Erythrobacter seohaensis SW-135 T (AY562219)
Erythrobacter citreus RE35F/1 T (AF118020)
Erythrobacter flavus SW-46 T (AF500004)
Erythrobacter pelagi UST081027-248 T (HQ203045)
Erythrobacter odishensis JA747 T (HE680094)

Erythrobacter marinus HWDM-33T (HQ117934) Erythrobacter gangjinensis K7-2 T (EU428782)
Erythrobacter gaetbuli SW-161 T (AY562220)
Erythrobacter litoralis DSM 8509 T (JMIX01000006)
Porphyrobacter cryptus ALC-2 T (AF465834)
Porphyrobacter dokdonensis DSW-74 T (DQ011529)
Porphyrobacter tepidarius DSM 10594 T (AB033328)
Porphyrobacter neustonensis DSM 9434 T (AB033327)
Porphyrobacter donghaensis SW-132 T (AY559428)
Erythromicrobium ramosum DSM 8510 T (AF465837)
Porphyrobacter sanguineus IAM 12620 T (AB021493)
Altererythrobacter namhicola KYW48 T (FJ935793)
Altererythrobacter aestuarii KYW147 T (FJ997597)
Altererythrobacter rigui WW3 T (KP997219) 'Altererythrobacter terrae' SWU3 (KM091962)
Altererythrobacter troitsensis KMM 6042 T (AY676115)
Altererythrobacter dongtanensis JM27 T (GU166344)
Altererythrobacter xinjiangensis S3-63 T (HM028673)
Altererythrobacter atlanticus 26DY36 T (KC018454)
'Altererythrobacter estronivorus' MH-B5 (JQ723700)
Altererythrobacter marinus H32 T (EU726272)
Altererythrobacter marensis MSW-14 T (FM177586)
Altererythrobacter gangjinensis KJ7 T (JF751048)
Altererythrobacter aestiaquae HDW-31 T (KJ658262) T and members of the genus Altererythrobacter. Numbers at nodes are the levels of bootstrap support (%) based on maximum-likelihood analyses of 1000 resampled data sets; only values >50 % are shown. The sequence of Sphingomonas paucimobilis ATCC 29837 T (GenBank accession no. D13725) was used as an outgroup. Closed circles indicate that the corresponding nodes were also recovered in trees generated with the maximum-parsimony and neighbour-joining algorithms. Bar, 0.01 nucleotide substitutions per position.
Altererythrobacter luteolus SW-109 T (AY739662)
Altererythrobacter ishigakiensis JPCCMB0017 T (AB363004)
Altererythrobacter indicus MSSRF26 T (DQ399262)
Altererythrobacter xiamenensis LY02 T (KC520828)
Altererythrobacter epoxidivorans JCS350 T (DQ304436)
For cellular fatty acid analysis, strain WW3
T and the three reference strains were grown and harvested at late exponential growth phase, i.e. 3 days at 25 C. For this purpose, strain WW3
T and A. dongtanensis KCTC 22672 T were grown on R2A agar, but A. xinjiangensis KCTC 42431 T and
A. troitsensis KCTC 12303 T were grown on MA because they could not grow on R2A. Fatty acid methyl esters were analysed by GLC according to the instructions of the Microbial Identification System (MIDI) version 6.1 and the TSBA6 database. Polar lipids were isolated by using T . All data from this study unless otherwise indicated. All strains were positive for aerobic metabolism, yellow colour, enzyme activity of catalase, alkaline phosphatase, esterase (C4), esterase lipase (C8) and leucine arylamidase, and hydrolysis of Tween 80. All strains were negative for production of flexirubin-type pigments, indole and H 2 S, activity of lipase (C14), a-galactosidase, a-mannosidase and a-fucosidase, hydrolysis of chitin, CM-cellulose, hypoxanthine, urea, xanthine, casein, gelatin, L-alginine and xylan, and assimilation of glucose, caprate, citrate, gluconate, mannitol, mannose, N-acetylglucosamine and phenylacetate. All strains were sensitive to chloramphenicol (30), tetracycline (30) and vancomycin (30), and resistant to nalidixic acid (30), polymyxin B (300 IU) and streptomycin (10). +, Positive; w, weakly positive; -, negative; NG, no growth; S, susceptible; R, resistant.
Characteristic
Kanamycin ( standard procedures (Komagata & Suzuki, 1987) and were separated by two-dimensional TLC followed by spraying with reagents such as ethanolic molybdophosphoric acid, molybdenum blue, ninhydrin and a-naphthol for detecting total polar lipids, phospholipids, aminolipids and glycolipids, respectively (Minnikin et al., 1984; Komagata & Suzuki, 1987) . Isoprenoid quinone analysis was performed by HPLC according to Collins (1994) using an isocratic solvent system [methanol : 2-butanol (2 : 1, v/v)]. For G+C content calculations, the DNA sample was prepared in triplicate and determined by the thermal denaturation method of Marmur & Doty (1962) .
The fatty acid profiles of strain WW3 T and the reference strains are shown in Table. S1. Predominant fatty acids (>10.0 % of total fatty acids) of strain WW3
T were monounsaturated fatty acid C 17 : 1 !6c (61.4 %) and C 17 : 1 !8c (10.1 %). Overall fatty acid profile of strain WW3
T was similar to those of related species except for the higher proportion of C 17 : 1 !6cand C 17 : 1 !8c. The DNA G+C ratio of strain WW3
T was 63±0.5 mol% (mean ± SD of three determinations). The isolate has ubiquione-10 as a predominant isoprenoid quinone, like all members of the genus Altererythrobacter (Kwon et al., 2007) .
The major polar lipids of strain WW3
T were phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylcholine, phosphatidylglycerol and sphingoglycolipid; two unidentified glycolipids, an unidentified phospholipid and an unidentified lipid were also detected ( Figs S4, S5 ). The major polar lipid pattern of strain WW3
T was similar to those of reference species, with a slight difference in unidentified polar lipids.
A number of phenotypic characteristics clearly distinguished strain WW3
T from other species of the genus Altererythrobacter (Table 1) . In particular strain WW3
T is positive for acid production from lactose and assimilation of arabinose, adipic acid and malic acid. Therefore, strain WW3
T represents a novel species of the genus Altererythrobacter, for which the name Altererythrobacter rigui sp. nov. is proposed.
Description of Altererythrobacter rigui sp. nov.
Altererythrobacter rigui (ri. gu¢i. L. gen. n. rigui of a wellwatered place).
Cells are Gram-stain-negative, aerobic, non-motile, ovoidrod and approximately 0.42-0.58 µm in diameter and 0.58-0.63 µm in length (Fig. S3) . Colonies are circular, convex, smooth, 1-2 mm in diameter and yellow on R2A agar after 3 days. Growth occurs on R2A, NA, PCA and TSA, but not on MA. Growth occurs with 0-3 % (w/v) NaCl (optimum 0 %), at pH 6-9 (optimum pH 7) and at 4-37 C (optimum 25 C). Catalase-positive and oxidase-negative. Flexirubintype pigments are absent (KOH test-negative). Methanol extracts show the typical spectrum of carotenoid pigment with the maximum absorption at 451 nm and 478 nm.
Bacteriochlorophyll a is absent. Nitrate is produced. Indole and H 2 S are not produced. Tween 80 is hydrolysed, but sodium alginate, casein, chitin, CM-cellulose, gelatin, hypoxanthine, starch, tyrosine, Tween 20, urea, xanthine and xylan are not. Assimilates arabinose, adipic acid, potassium gluconate and malic acid. Acid is produced from lactose, but not from glucose, mannose, maltose, fructose, galactose, mannitol, rhamnose, sucrose, xylose or trehalose. In the API ZYM gallery, acid phosphatase, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, naphthol-AS-BI-phosphohydrolase and a-chymotrypsin are present, but, cystine arylamidase, afucosidase, a-galactosidase, b-galactosidase, a-glucosidase, b-glucosidase, b-glucuronidase, lipase (C14), a-mannosidase, N-acetyl-b-glucosaminidase and trypsin activities are absent. The predominant fatty acids (>5.0 % of total fatty acids) are C 17 : 1 !6c, C 17 : 1 !8c, C 15 : 0 2-OH and summed feature 8 (C 18 : 1 !6c and/or C 18 : 1 !7c). The major respiratory quinone detected is ubiquinone-10. The major polar lipids are phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylcholine, phosphatidylglycerol and sphingoglycolipid; two unidentified glycolipids, an unidentified phospholipid and an unidentified lipid were also detected.
The type strain is WW3 T (=KCTC 42620 T =JCM 30975 T ), isolated from freshwater of Woopo wetland, Republic of Korea. The DNA G+C content of the type strain is 63 mol%.
